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By Ferris L. Seashore and Lester C. Corrington 
SUMMARY 
An investigation was conducted in an altitude test chamber at the 
NACA Lewis laboratory to determine the altitude performance of the 
J71-A-2(600-Dl) turbojet engine. The engine was equipped with two-
position inlet guide vanes and compressor acceleration bleeds. The com-
ponent performance was determined for the low-speed configuration (inlet 
guide vanes closed) compressor bleeds open) and the high-speed configu-
ration (inlet guide vanes open) compressor bleeds closed) over a range 
of engine speeds and exhaust-nozzle areas. Performance data were ob-
tained over a range of compressor-inlet Reynolds number indices from 0.7 
to 0.15. This range of inlet conditions corresponds to simulated alti-
tudes from 23)200 to 59)100 feet at a flight Mach number of 0.9. 
At actual rated speed and temperature and a Reynolds number index 
of 0.7 (altitude, 23,200 ft; flight Mach number) 0.9)) the compressor 
efficiency was 80.5 percent) corrected air flow was 166.5 pounds per 
second) and compressor pressure ratio was 8.3. Decreasing the Reynolds 
number index to 0.15 (altitude) 59)100 ftj flight Mach number) 0.9) 
resulted in a 7-percentage-point reduction in compressor efficiency 
while corrected air flow decreased to 164.5 pounds per second. Combus-
tion efficiency at rated conditions remained constant at about 100 per-
cent to an altitude of about 35)000 feet, and decreased approximately 6 
percent as altitude was increased to 59)100 feet. Peak turbine effi-
ciency at rated conditions averaged 84 .5 percent at an altitude of 
23)200 feet) decreasing about 4 percentage points as altitude was in-
creased to 59)100 feet. 
INTRODUCTION 
An investigation was conducted in an altitude test chamber at the 
NACA Lewi s laboratory to determine the altitude performance of the 
J71-A-2(600-Dl) turbojet engine. As part of this investigation) the 
performance of t he component s was obtained over their range of operation 
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in the engine and is presented herein . The J71-A- 2(600-Dl)(serial num-
ber X- 29 ) engine discussed herein is the same engine for which the com-
pressor stall char acter istics and altitude performance are pr esented in 
refer ences 1 and 2) r espectively . 
The purpose of this report is to present the engine component per-
formance for a range of engine operation) to show the Reynolds number 
index effect on engine component performance) and to show the effect of 
these changes in component performance on over-all engine performance. 
The component performance is shown over a range of engine speeds with 
several fixed exhaust - nozzle areas for (1) the low- speed configuration 
( inlet guide vanes closed) compr essor acceleration bleeds open) and (2) 
the high- speed configuration ( inlet guide vanes open) compressor accel-
er ation bleeds closed ) . Cold exhaust -nozzle areas varying from 2.79 to 
4 . 42 squar e feet were used. The Reynolds number index was varied from 
0.7 to 0.15) simulating altitudes from approximately 23)200 to 59)100 
feet) at a flight Mach number of 0 . 9 . A tabulation of the component 
performance data is included in tables I to IV. 
APPARATUS 
Engine and Installation 
The J71-A- 2(600-Dl ) turbojet engine used for this investigation has 
a bifurcated inlet) a 16 - stage axial- flow compressor with eighth- stage 
acceler ation bleeds and two -position inlet guide vanes) a cannular- type 
combustor with ten circular inner liners) a three- stage turbine) an aft -
erburner ) and an ejector- type exhaust nozzle with both primary and sec -
ondar y nozzles of the continuously var iable iris type . The ejector was, 
removed for this investigation . 
At static sea- level conditions) the J 71-A- 2(600-Dl ) engine has the 
following rat i ngs : 
Milita ry Normal 
Engine speed) rpm 6175 a6000 
Exhaust -gas temper atur e) OF 1240 1100 
Thrust, lb 10)000 8800 
Specific fuel consumption 
lb/ hr / lb thrust 0 . 955 0 .895 
aEstimated . 
The installation of the engine in the altitude t est chamber is 
shown in figure 1 . The engi ne was mounted on a thrust -measuring plat -
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compartments separated by a bulkhead with a labyrinth-type seal around 
the inlet duct. Air, at pressures and temperatures simulating the de-
sired flight condition, was supplied to the front compartment and ducted 
to the engine through a bellmouth and a venturi used to measure the 
steady-state air flow. The bellmouth was attached directly to the inlet 
duct through t~e venturi section. The pressure in the engine compart-
ment was maintained at the desired altitude pressure. 
Instrumentation 
Instrumentation for measuring steady-state temperatures and pres-
sures was installed at various stations throughout the engine as shown 
in figure 2. A table giving the number of total pressure tubes, wall 
static orifices, and thermocouples at each station is also included in 
figure 2. The total pressure and temperature probes at each station 
were located at the centers of equal-area increments and the values av-
eraged arithmetically. The pressures were measured on manometers and 
photographically recorded; the temperatures were measured with iron-
constantan or chromel-alumel thermocouples and recorded on self-balancing 
potentiometers. Fuel flow was measured by a calibrated electronic flow 
meter. 
Engine Components 
Compressor. - The 16-stage axial-flow compressor has a constant tip 
diameter of 33.5 inches with an inlet hub-tip radius ratio of 0.55 and 
exit hub-tip radius ratio of 0.90. At static sea-level rated conditions 
(inlet guide vanes open, bleeds closed), the compressor air flow is ap-
proximately 165 pounds per second; the pressure ratio, 8.5; and the ef-
ficiency, 81 percent. 
In the low-speed configuration, the compressor-inlet guide vanes 
were closed (reference angle, 200 ) and the bleed ports were open as 
~heduled by the control. At 5300 rpm (86 percent speed), the manu-
~cturer's control system changed the bleed and inlet-guide-vane system 
to the normal high-speed configuration, that is, inlet guide vanes open 
(zero reference angle) and bleed ports closed. For this investigation, 
the control system was modified so that both the bleed and inlet-guide-
vane positions could be regulated manually. In the low-speed configu-
ration (inlet guide vanes closed, bleeds open), the air flow through the 
acceleration bleed system varied from 7 to 4 percent of the actual inlet 
air flow over a range of actual engine speeds from 3500 to 5300 rpm 
(Reynolds number index, 0.4). 
4 NACA RM E56B14 
Combustor . - The combustor is of the cannular type with ten 
through- flow inner liners . Fuel was supplied to each of the ten liners 
by single - inlet duplex fuel nozzles. Ignition was provided by two spark 
plugs located in diametrically opposite liners. The approximate 
combustor-inlet refer ence velocity) based on full burner-section area at 
design sea-level conditions) is 90 feet per second. 
Turbine. - The three-stage turbine rotor has a constant hub-tip di-
ameter of 33 .5 inches . The annular area increases through the turbine) 
with the inner shroud having a cone half-angle of 110. The rotor hub-
tip radius ratios of the first) second) and third stages are 0.795) 
0 . 746) and 0.697) respectively; and the design division of work is 38.5) 
33) and 28 . 5 percent for the three stages. Rated turbine-inlet tempera-
ture is 21600 R. Design work and design rotational speed (both corrected 
to rated turbine - inlet temperature) are 32.4 Btu per pound and 3028 rpm) 
respectively . 
PROCEDURE 
Component performance data were obtained over a range of engine 
speeds and Reynolds number indices from 0.7 to 0.15 corresponding to 
simulated flight conditions for altitudes from 23)200 to 59)100 feet 
at a flight Mach number of 0 .9. The variation of Reynolds number in-
dex with altitude and flight Mach number for standard NACA conditions 
is shown in figure 3 . 
• 
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The inlet guide vanes were operated in the open and closed posi-
tions with various combinations of open and closed compressor acceler-
ation bleed ports. The following table summar izes the conditions at 
which the data were obtained: 
Nominal pressure Reynolds Corrected engine Engine-exhaust- Inlet - Compressor-
altitude, ft number speed range, nozzle area, guide- acceleration-
(Mach number, 0.9) index N/ if8.J., rpm sq ft vane bleed position position 
23,200 0.7 4978 - 6354 3 .01 Open Closed 
38,600 .4 4841 - 6751 3 .01 j I 44,500 .3 5148 - 6652 3.01 53,000 .2 5183 - 6543 3.01 59,100 .15 5170 - 6446 3.01 
23,200 0.7 5022 - 6213 4 . 42 - 3.73 - T elr 3 .36 - 3.01 -2.79 38,600 .4 4787 - 6868 t 53,000 .2 5200 - 6874 
38,600 0 .4 4841 - 6751 3 .01 Open Closed 
38,600 .4 2605 - 6195 4 .42 Open Closed 
38,600 .4 3813 - 6775 3.01 Closed Open 
38,600 .4 3843 - 6817 4.42 Closed ~ 38,600 . 4 3887 - 6792 4.42 Open 
38,600 . 4 2843 - 6823 4.42 Closed Closed 
All compressor efficiencies presented herein are calculated, charg-
ing the compressor with the work done on the acceleration bleed air . 
However, a separate calculation, deducting the acceleration bleed air 
from the work of the compressor at a Reynolds number index of 0.4, indi -
cated a gain in compr essor efficiency from 3.5 percentage points at 
a corrected engine speed of 4000 rpm to 0.8 percentage point at 6800 
rpm. The symbols and methods of calculation used in this report are 
defined in appendixes A and B, respectively . 
Engine-inlet stagnation pressures were set to correspond with the 
desired flight conditions assuming 100-percent ram-pressure recovery. 
Engine - inlet stagnation temper atures were set at the lowest obtainable 
values to attain the highest possible corrected engine speeds . 
Fuel used throughout this investigation was MIL-F-5624A, grade 
JP- 4, with a lower heating value of 18,700 Btu per pound and a hydrogen-
carbon ratio of 0.169 . 
RESULTS AND DISCUSSION 
The altitude performance of the compressor, combustor, and turbine 
of the J71-A-2(600-Dl) engine, operating as components are discussed 
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first . Altitude performance of the components, when operating as par t 
of the engine, and the resultant effects of altitude on corrected net 
thrust and corr ected specific fuel consumption are then indicated. 
Compressor Performance 
The test data for the four geometriC variations are presented in 
the tables . Two configurations, low-speed configuration (inlet guide 
vanes closed, compressor acceleration bleeds open ) and high- speed con-
figuration ( inlet guide vanes open, compressor acceleration bleeds 
closed ) , selected as the most significant are discussed in this report. 
Performance maps . - Compressor performance is presented in the con-
ventional form showing the variation of compressor-pres~e ratio with 
corrected air flow for constant exhaust-nozzle areas . Lines of cor-
rected engine speed are also shown with compressor efficiency superim-
posed . A compressor performance map for the high- speed configuration 
(inlet guide vanes open, bleeds closed) is shown in figure 4 (a ) for an 
engine - inlet Reynolds number index of 0.4 . A peak compressor efficiency 
of about 83 .5 percent occurr ed at corrected engine speeds from 5000 to 
5600 rpm . At the higher corrected engine speeds ( 6600 to 6800 rpm) the 
efficiency decreased to about 75 percent and remained almost constant 
over the entir e range of exhaust - nozzle areas. The compressor perform-
ance map for the low- speed configuration ( inlet guide vanes closed, 
bleeds open) at wide open exhaust nozzle (area 4 .42 sq ft ) and Reynolds 
number index of 0.4 is presented in figure 4(b). In comparing the two 
figures, it is evident that, with the low- speed configuration, the 
compressor -pressure ratio, efficiency, and corrected air flow were 
reduced . 
Effects of inlet guide vanes and interstage bleed . - An illustra-
tion of the effects of inlet guide vanes and interstage bleed on com-
pressor stall and compressor performance is given in figure 5 . These 
data were obtained for open exhaust nozzle, altitude of 35,000 feet, 
Mach number of 0 . 4, and inl~t -air temperature of - 300 F (ref. 1 ). With 
the low- speed configuration (inlet guide vanes closed, bleeds open), a 
substantial margin between the steady- state operating line and stall 
line was evident at corrected engine speeds above 3500 rpm. For the 
high- speed configuration (inlet guide vanes open, bleeds closed), the 
stall line and steady- state operating lines intersect at a corrected 
engine speed of about 4600 rpm. Since the control normally schedules 
the switch- over point to the high- speed configuration at an actual en-
gine speed of 5300 rpm, the inlet guide vanes would open and the bleeds 
would close at corrected engine speeds varying from approximately 5200 
to 6000 rpm, based on standard NACA temperatures at sea level and the 
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tropopause, respectively (Mach number, 0 .4 ). In order to avoid surge as 
well as improve over-all performance, scheduling the guide vanes and 
bleeds as a function of corrected rather than actual speed would seem 
advantageous. 
Effect of Reynolds number index. - The effect of Reynolds number 
index on compressor performance maps at Reynolds number indices of 0 . 7 
and 0.2 are shown in figure 6 . At each Reynolds number index, the peak 
efficiency occurred at corrected engine speeds from 5000 to 5500 rpm . 
Both compr essor efficiency and corrected air flow decreased, as expected 
when the Reynolds number index decreased from 0 . 7 to 0.2 . At the Reyn-
olds number index of 0.2, the slope of the cons~ant speed lines (below 
6200 rpm ) and the pattern of the compressor efficiency lines are changed 
considerably from those obtained at Reynolds number index of 0.7. 
The effect of Reynolds number index on compressor efficiency and 
cor rected air- flow ratios at various constant corrected engine speeds 
for the high- speed configuration is shown mor e directly in figure 7. 
Compressor- efficiency ratio decreased from 1 .00, at a Reynolds number 
index of 0 .4 (38,600- ft altitude ) , to a range of from 0 . 966 to 0 . 952 
for corr ected engine speeds from 5200 to 6800 rpm, respectively, as the 
Reynolds number index was decreased to 0 .15 ( 59,lOO- ft altitude ). Cor-
rected a i r - flow ratio decreased f r om 1.0, at a Reynolds number index of 
0 . 4, to a range of f r om 0 .982 to 0 . 927 for corrected engine speeds from 
6800 to 5200 rpm, respectively, as Reynolds number index was decreased 
to 0 .15 . 
Per formance map for compr essor and turbine as engine components. -
In order to allow for the determination of the compr essor operating con-
dit i ons, the r e f erence compr essor map of figure 4 (a ) is reproduced in 
figure 8 with lines of constant cor rected turbine - inlet temper ature su-
per imposed. At a corrected engine speed of 6585 rpm (actual speed, 6175 
rpm; Mach number , 0.9 ; exhaust -nozzle area, 3 .01 sq ft ) , the cor rected 
air flow was 167 . 5 pounds per second; compressor efficiency, 77 percent; 
c ompr essor pressure r atio , 8 . 9 ; and the cor rected turbine - inlet tempera-
ture, approximate ly 24000 R . 
Combustor Performance 
Combustion efficiency . - Combustion efficiency is presented as a 
function of the combustion parameter wa ,lT9 ( fig . 9 ). As shown in 
reference 3, the par ameter PT/V is ver y use ful i n corr elati ng the 
performance of combustor s . Since these quantities ar e not readily 
available from flight measurements, the combustion effici ency data 
herein a r e g i ven as a function of the par amet er wa ,lT9, which i s 
proportional to PT/ V. Combustion efficiencies were omitted from 
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table I because of malfunctioning of fuel metering equipment. The com-
bustion efficiency data presented herein ( fig . 9)} for Reynolds number 
indices 0.8 and 0 . 4} were obtained from earlier tests on the same en-
gine . Combustion efficiency was constant at about 100 percent above a 
value for wa}lT9 of 100}000} which corresponds to rated engine opera -
tion up to an altitude of about 38}000 feet at a flight Mach number of 
0 . 9 . A decrease in combustion parameter below this value resulted in 
a decrease in combustion efficiency to about 89 percent at a value of 
20}000} for wa }lT9} which corresponds to rated engine operation at an 
altitude of approximately 70}000 feet at a flight Mach number of 0.9 . 
Total-pr essure loss . - Combustor total -pressure - loss ratio de -
creased from 0 .06 to 0 . 045 as the combustor temperature ratio increased 
from 1.4 to 2 .3 ( fig . 10 ). Data were generalized for all Reynolds num-
ber indices . 
Turbine Performance 
Per formance . - The effects of corrected turbine speed and exhaust -
nozzle ar ea on turbine performance are given in figure 11. Corrected 
turbine gas flow and turbine pressure ratio remained essentially con-
stant for each exhaust - nozzle ar ea . The fact that the corrected turbine 
Wg~~4 
gas - flow parameter r emained constant indicated that sonic 
°4 
flow existed in the turbine - inlet stators . Turbine efficiency averaged 
about 83 percent for the corrected speed range investigated. 
Per formance map. - The over - all performance of the turbine is pre -
sented in terms of corrected turbine enthalpy drop and turbine weight -
flow parameter with lines of constant corrected turbine speed and con-
stant turbine -pressur e ratio (Reynolds number index 0 . 4) fig . 12 ). The 
turbine data have been compiled in this form in order to facilitate 
matching studies between the turbine and the compressor. The design 
turbine operating point is defined by the design- corrected turbine speed 
of 3028 rpm (military thrust condition) and the design- corrected turbine 
enthalpy drop of 32 . 4 Btu per pound . 
Effect of Reynolds number index. - The effect of turbine Reynolds 
number index on corrected turbine gas flow and turbine efficiency is 
shown in figure 13. Corrected turbine gas flow remained constant over 
a range of Reynolds number indices from 1.0 to 0 .19. A decrease of 4 
percentage points in turbine efficiency was observed for a reduction in 
turbine Reynolds number index from 1.0 to 0.19} which corresponds to an 
increase in altitude from 23}200 to 59}100 feet at a flight Mach number 
of 0.9 . 
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Effect of Altitude on Engine Performance 
Component performance . - The effect of altitude on corr ected engine 
speed and corrected air flow, compressor, turbine, and combustor effi-
ciency is shown for two modes of engine operating conditions compared 
with ideal operation ( fi g . 14 ). Mode 1 consists of operating the engine 
at rated exhaust - nozzle area, rated exhaust - gas temperature, and vari-
able engine speed. Mode 2 consists of operating the engine at rated 
exhaust -gas temperature) rated engine speed) and variable exhaust -nozzle 
area . The curve for ideal performance represents the performance pre -
dicted from sea- level static data for rated speed and temperature, as -
suming no Reynolds number index effect. 
An increase in altitude from 35,332 to 59,100 feet for mode 2 
(variable exhaust-nozzle area operation) resulted in a decrease in com-
pressor efficiency with a smaller loss in corr ected air flow in compari-
son with mode 1 ( rated exhaust - nozzle area ). For example) compressor 
efficiency dropped 3 .5 percentage points for mode 2, while remaining 
constant for mode 1. However, corr ected air flow for mode 2 decreased 
only about 2 percent as compared with a decrease of 4 percent for mode 
1. Compressor efficiency, for mode 1, remained constant above 35,332 
feet because the decr ease in corrected engine speed shifted the compres -
sor operating point toward the region of peak compressor efficiency. 
The decr ease in corrected engine speed was necessary in order to avoid 
exceeding rated exhaust - gas temperature . 
There was no significant difference in the trends of combustion and 
turbine efficiency between the two modes of operation . Combustion effi -
ciency dropped about 6 percentage points while turbine efficiency dropped 
about 3 percentage points as altitude was increased from 35,332 to 59,100 
feet. 
Over-all engine performance . - The effect of these component per-
formance variations on over -all engine performance is shown in figure 
15, which indicated no outstanding advantage of one mode of operation 
over the other . The maximum difference in the performance occurred at 
a 59,lOO- foot altitude where the corrected specific fuel consumption for 
mode 1 operation was about 1 .5 percent lower than mode 2. This close 
a greement in corrected net thrust and corrected specific fuel consump-
tion for the two modes of operation was due to the fact that the cor-
rected air flow reduction for mode 1 had very nearly the same effect on 
performance as the compressor efficiency reduction for mode 2 . 
As the altitude was increased from 35,332 to 59,100 feet, corrected 
net thrust decreased about 6 percent below the ideal value for both 
modes of operation. Corrected specific fuel consumption increased about 
7~ to 9 percent above the ideal value . 
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SUMMARY OF RESULTS 
The component per formance for the J71-A- 2(600- Dl) engine was deter-
mined for the low- speed configuration (inlet guide vanes closed) com-
pressor bleeds open) and the high- speed configuration (inlet guide vanes 
open) compr essor bleeds closed ) over a range of engine speeds) exhaust-
nozzle areas) and Reynolds number index from 0.7 to 0.15) which corre-
sponds to simulated variations in flight conditions for altitudes from 
23)200 to 59,100 feet at a flight Mach number of 0.9 . 
At rated actual speed and temper ature and a Reynolds number index 
of 0 . 7 (altitude) 23)200 ft ; flight Mach number) 0.9 ) ) the compressor 
efficiency was 80 .5 percent, corrected air flow was 166 .5 pounds per 
second) and compr essor pressure ratio was 8.3 . Decreasing the Reynolds 
number index to 0 .15 (altitude, 59,100 ft; flight Mach number) 0.9) re-
sulted in a 7-percentage -point reduction in compressor efficiency) and 
corrected air flow decreased to 164 .5 pounds per second . Combustion e f -
ficiency at rated condi.tions remained constant at about 100 percent to 
an altitude of about 35,000 feet and decreased approximately 6 percent 
as altitude was increased to 59,100 feet. Peak turbine efficiency at 
rated conditions averaged 84 .5 percent at an altitude of 23,200 feet, 
decreasing about 4 percentage points as altitude was increased to 
59,100 feet . 
There was no appreciable Reynolds number effect on corrected net 
thrust or corrected specific fuel consumption for the two modes of op -
er ation as altitude increased from sea level to 35)332 feet. However, 
a further incr ease in altitude to 59)100 feet reduced the corrected 
net thr ust for both modes of operation by about 6 percent. There was 
an accompanying increase in specific fuel consumption of about 8 .5 per-
cent, at an ~ltitude of 59)100 feet) as a result of the decrease in 
component efficiencies . 
Lewis Flight Propulsion Labor atory 
National Advisor y Committee for Aeronautics 
Cleveland, Ohio) February 21, 1956 
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APPENDIX A 
SYMBOLS 
The following symbols ar e used in this repor t : 
A cr oss - sectional area) sq ft 
co Fn m 
m 
net thrust, lb 
to 
f/a fuel -air ratio 
g acceler ation due to gravity) 32 .17 ft / sec2 
H total enthalpy) Btu/ lb 
M Mach number 
N engine speed) rpm 
P total pressure) lb/ sq ft abs 
P static pr essure, lb/ sq ft abs 
R gas constant) 53 .3 ft -lb/(lb )(~ ) 
Rei Reynolds number index) '6 /~ .,;e 
T total temperature) ~ 
V velocity) ft/sec 
w flow r ate, lb/ sec or lb/ hr 
function of y, ~ : 
y ratio of specific heats 
'6 pressure correction factor, 2l~6 (total pressure divided by NACA 
standard sea- level pressure ) 
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TJ effi ciency 
e temperature c orrect i on factor) (V
cr
/ 1018 ) 2 ( square ratio of criti -
cal velocity to critical velocity at NACA standard sea- level 
conditions ) 
ratio of absolute viscosity at inlet conditions to absolute vis -
cosity at NACA standard sea - level conditions 
Subscripts : 
A accelerat i on bleed 





g gas mixture 
MV mid- f rame vent 
T turbine cooling 
t turb i ne 
o f ree - stream conditions 
1 venturi throat 
2 compressor inlet 
3 compressor outlet ) combustor inlet 
4 combustor outlet) t urbine inlet 
5 tur b ine outlet 
9 exhaust - nozzle inlet 
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APPENDIX B 
METHODS OF CALCULATION 
Reynolds number index. - For a gi ven corrected engine or turbine 
speed, R~ynolds number index Rei varies linearly with Reynolds number 
and is defined as the r at i o of Reynolds number at any condition to Reyn-
olds number at standar d sea-level conditions 
(Bl) 
Air flow. - The engine-inlet air flow wa 1 was calculated from 
) 
one -dimensional compressible - flow relations (ref . 4 ) using the effec-
tive area and the average pressures and temperature at station 1. The 
effective area at station 1 was 3 . 959 square feet (Al = 3.9833 sq ft, 
Cd = 0 .994 ). Air bleeds and the addition of fuel resulted in the fol -
lowing mass flows at other stations: 
wa ,3 = wa,l - wa,A 
wa 4 = wa ,3 - wa,T - wa,MV - wa,AV . , 
wa ,5 wa ,4 + wa,T (B2 ) 
wa ,9 wa ,5 
wg ,4 = wa ,4 + (Wf/ 36OO ) 
wg ,9 == wa 9 + (wf/ 36OO ) , 
Compressor efficiency . - Compressor efficiency is defined as the 
ratio of isentropic enthalpy rise to the actual rise across the com-
pressor . From measured values of compressor - inlet and compressor-
outlet total pressure and temperatur e, compressor efficiency was de -
termined from the following expression : 
'llc == (B3 ) 
14 NACA RM E56B14 
Combustion efficiency . - The combustion efficiency is defined as 
the ratio of actual enthalpy r ise to the theoretical enthalpy rise 
across the engine 
T)b = 
- w AH1 9 _ 
a, JA 
18,700 wf 
Fuel temperature Tf was assumed to be 80
0 F. 
(B4) 
~ + B 
The term 1 is the 
m + 
difference between the enthalpy of carbon dioxide and water vapor in the 
burned mixture and the enthalpy of oxygen removed from the air by their 
formation (ref . 5 ). 
Turbine efficiency . - The turbine efficiency is defined as the ra -
tio of actual enthalpy drop to the isentropiC enthalpy drop across the 
turbine 
(B5) T)t = H H g,4 - g,5,isentropic 
T4 was obtained from values of Hg ,4' (f/ a)4' and reference 6 . 
Hg ,5,isentropic was obtained f r om 
Net thrust and specific fuel consumption . - Net thrust and specific 
fuel consumption were calculated using the pumping characteristics of 
reference 2 . 
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TABLE I . - HIGH - SPEED CONFIGURATI ON ( INLET GUIDE 
(a ) Variab l e 
Run Reynolds Engine Corrected Exhaust - Tank ompreSBor Compressor Turbine Turbine Eng1ne Compressor Turbine Exhaust -
number speed . engine nozzle static inlet total outlet total inlet outlet inlet outlet inlet nozzle 
index, N, ~!~, area, pressure, pressure, pressure, total total total total total inlet Rei rpm AIO ' PO' P2' P3 , pressure , pressure, tempera- tempera- temper- total rpm sq rt lb lb lb P4 , P5 , ture, ture. ature, temper-
sq rt abe sq ft abe SQ ft aba lb 1b Tl , T3 , T4 , sture , 
sq ft abe sQ ft abe oR oR oR T9' oR 
1 0 .. 716 6060 6218 4.42 850 1417 10,745 10 , 226 2292 493 973 1657 1228 
2 . 710 6062 6214 3 . 79 841 1409 10,943 10, 418 25« 494 977 1725 1293 
3 . 703 6058 6216 3 . 36 843 1392 11 , 271 10,742 2785 493 983 1821 1387 
4 . 713 6058 6216 3 . 10 838 1412 11 , 597 11 , 048 3099 493 991 1925 1515 
5 . 708 6058 6216 2 . 85 824 1402 12 , 045 11 , 489 3482 493 1001 2073 1655 
6 . 114- 5916 6058 4 . 42 850 1421 10 , 391 9 , 899 2224 495 957 1604- 1187 
7 . 716 5920 6068 3 . 79 8« 1420 10 , 606 10, 108 2459 494 961 1668 1249 
8 . 715 5918 6066 3 . 30 840 1418 10,945 10 , 436 2789 494 969 1789 1365 
9 . 717 5900 6048 2 . 82 834 1423 11,624- 11,092 3411 494 982 2017 1605 
10 . 714 5724 5861 4 . 42 835 1420 9,751 9,299 2093 495 934 1531 1132 
11 . 719 5719 5850 4 . 05 848 1434 9 , 819 9,360 2186 496 937 1554 1152 
12 .718 5719 5850 3 . 54 8« 1432 10,04,8 9,593 2417 496 942 1629 1225 
13 . 718 5717 5854 ~ . 10 835 1428 10 , 423 9,962 2719 495 951 1715 1376 
14 . 713 5717 5854 2 . 82 849 1419 10 , 850 10,373 3171 495 963 1943 1549 
15 . 709 4909 5027 4 . 42 827 1410 6 . 587 6,202 1416 495 826 1162 851 
16 . 705 4908 5026 3.89 834 1403 6 , 647 6 , 272 1553 495 829 1204 895 
17 . 708 4904 5022 3 . 36 841 1408 6,768 6,411 1688 495 832 1273 956 
18 . 706 4898 5015 ~ . 01 820 1404 6 , 912 6 , 565 1850 495 835 1343 1040 
19 . 715 4904 5032 ~ . 01 846 1416 6,920 6,580 1858 493 8~6 1350 10« 
20 . 710 4904 5022 2 . 79 831 1413 7 , 100 6 , 768 2107 495 842 1458 1151 
21 . 397 6174 6847 4 . 42 388 639 5,507 5 , 231 1179 422 911 1721 1277 
22 . ~99 6173 6862 3 . 7~ 380 6~9 5,574 5,299 1288 420 915 1800 1345 
23 .402 6173 6862 3 . 19 380 643 5,810 5,539 1362 420 923 1939 1487 
24 . 402 6171" 6868 2 . 99 385 642 6,953 5 , 688 1500 419 929 2032 1599 
25 . 399 6173 6879 2 . 93 380 635 6 , 012 5,756 1571 418 931 2079 1647 
26 . 405 61 73 6622 4 . 42 428 713 5,873 5 , 583 1257 451 944 1727 1282 
27 . 403 6174 6616 3 . 54 429 711 6 , 061 5,769 1457 452 951 1850 1393 
28 . 405 6173 6637 3 . 25 421 708 6 , 198 5,906 1537 449 954 1911 1457 
29 . 402 6173 6622 3 . 19 422 707 6,212 5,922 1576 451 957 1936 1485 
30 . 407 6171 6642 2 . 99 424 710 6,3S7 6 , 056 1704 449 960 2025 1586 
31 . 408 6177 6648 2 . 90 428 712 6.479 6,183 1827 449 964 2097 1651 
32 . 404 5861 6515 4 . 42 384 646 5,218 4,960 1118 420 861 1554 1152 
33 . 403 5863 6517 3 . 73 380 645 5 , 309 5,048 1216 420 867 1614 1211 
34 . 402 5863 6517 3 . 33 389 6« 5 , 423 5 , 158 1337 420 876 1704 1290 
35 . 405 5859 6529 2.90 385 645 5 , 683 5,420 1564 418 882 1868 1468 
36 . 402 5869 6524 2 . 79 390 643 5,825 5 ,563 1580 420 891 1971 1559 
37 . 407 5626 6042 4 . 42 419 714 5,263 5,014 1128 450 874 1542 1098 
38 . 406 5627 6043 4 . 26 424 712 5 , 254 4,999 1143 450 875 1508 1108 
39 .403 5627 6030 3.79 423 712 5,321 5,068 1218 452 880 1554 1150 
40 . 403 5624 6027 3 . 36 423 711 5,401 5 , 145 1331 452 885 1625 1222 
41 . 403 5627 6036 2 . 99 423 710 5 , 628 5,369 1509 451 894 1750 1365 
42 .402 5624 6020 2 . 71 426 712 5 , 865 5,605 1726 453 904 1907 1516 
43 . 403 5242 5611 4 . 42 429 713 4,534 4,31, 973 453 832 1342 987 
44 . 399 5249 5619 4 . 26 427 707 4,562 4,341 989 453 833 1323 995 
45 . 406 5247 5623 3 . 73 423 717 4 , 632 4,407 1075 452 834 1388 1034 
46 . 406 5247 5641 3 . 36 425 711 4 . 758 4,535 1181 449 834 1468 1109 
47 . 399 5242 5593 3 . 13 421 713 4,763 4,544 1231 456 843 1508 1152 
48 . 403 5249 5631 3 . 01 423 710 4,894 4 , 676 1302 451 844 1561 1201 
49 . 403 5249 5631 2 . 68 420 710 5 , 103 4,879 1501 451 852 1718 1367 
50 .411 4869 5235 4 . 42 428 719 3,808 3,601 820 449 780 1173 859 
51 . 405 4869 5223 4 . 26 427 714 3,807 3,602 835 451 781 1177 868 
52 . 405 4865 5219 3 . 73 425 714 3,834 3,633 888 451 783 1212 904 
53 . 400 4875 5201 3 . 30 434 715 3,877 3 , 677 958 456 792 1288 974 
54 . 404 4869 5206 3 . 27 426 718 3 , 861 3,664 961 454 790 1285 968 
55 . 398 4867 5187 3.07 428 713 3 , 871 3,681 1005 457 794 1325 1012 
56 . 408 4872 5238 2.93 429 713 4,039 3,847 1085 449 790 1369 1058 
57 . 401 4877 5214 2 . 7S 425 714 4,024- 3,837 1140 454 798 1435 1120 
58 . 400 4496 4792 4.42 424 716 2 , 915 2,733 655 457 740 1023 752 
59 .400 4492 4761' 3 . 89 424 717 2,961 2.783 704 457 740 1058 787 
60 . 398 4499 4789 3.42 424 714 3,024 2 , 851 764 458 742 1112 837 
61 . 399 4495 4791 3 . 13 425 715 3.062 2,896 814 457 746 1162 887 
62 . 400 4503 4799 2 . 85 426 716 3,152 2,989 900 457 750 1242 972 
63 . 197 6174 6855 4 . 42 187 316 2 , 739 2,596 595 421 922 1807 1342 
64 . 194 6173 6862 3.73 187 311 2,769 2,636 686 420 926 1886 1414 
65 . 197 6173 6862 3 . 36 185 315 2 , 840 2 , 701 710 420 932 1979 1502 
66 . 184 6176 6874 3.19 186 312 2,868 2,732 746 419 937 2046 1570 
67 . 195 6174 6863 3 . 04 182 312 2,938 2,807 799 420 942 2104 1677 
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VANES OPEN , COMPRESSOR ACCELERATION BLEEDS CLOSED ) 
exhaust - nozzle area . 
Compressor Air flow , Corrected Compressor Combustor Combustion Turbine Turbine Corrected Turbine Turbine Combustion Run 
pressure wa,ll air flow. efi'lclency I total-- efficiency I pressure efficiency I turbine enthalpy weight flow 
parameter, 





1 . 58 113 . 8 165 . 5 0 . 802 0 . 0483 ----- 4 . 46 0 . 831 3426 37 . 72 2431 139.7 0 1 
1 . 71 113 . 4 166 . 2 . 803 .0480 ----- 4 . 10 . 850 3360 36 . 58 2388 146 . 6 2 
8 . 10 112 . 5 166 . 1 . 811 . 0469 ----- 3 . 86 . 846 3271 35 . 29 2303 156 . 1 3 
8 . 21 113 . 1 166 . 1 . 805 . 0413 ----- 3.51 .860 3183 33.98 2212 112 . 3 4 
8 . 59 113 . 2 166.4 . 812 . 0462 ----- 3 . 30 .850 3014 32 . 18 2185 181.3 5 
7 . 31 111.9 162 . 1 .810 . 0473 ----- 4 . 45 . 838 3400 37 . 64 2410 132 . 8 6 
1.41 112 . 0 162 . 9 . 811 . 0469 ----- 4 . 11 . 846 3331 36 . 53 2368 139.9 1 
1 . 12 112 . 4 163 . 1 . 814 . 0465 ----- 3 . 14- . 848 3225 34 . 73 2312 153 . 4- 8 
8 . 11 112 . 2 162 . 1 .821 . 0458 ----- 3 . 25 . 858 3030 31.93 2115 180 . 0 9 
6 . 81 101 . 6 156 . 6 . 819 . 0463 ----- 4 . 44- . 831 3361 31 . 24 2312 121.8 10 
6 . 85 108 . 2 155 . 9 .810 .0467 ----- 4 . 28 . 845 3333 31.04 2372 124 . 6 11 
7 . 02 108.1 156 . 1 . 819 .0453 ----- 3 . 91 . 846 3261 35 . 71 2318 132.4 12 
7 . 30 108.0 156 . 3 . 820 . 0442 ----- 3 . 59 .850 3121 33.80 2243 148.6 13 
1 . 65 101.4 156 . 3 .823 .0440 ----- 3 . 21 .841 2992 31. 15 2152 166.3 14 
4 . 61 82 . 1 120 . 3 .824 . 0584 ----- 4 . 38 . 844 3291 36 . 55 2308 69 . 9 15 
4 . 74 82 . 1 120.9 . 824 . 0565 ----- 4 . 04 . 854 3242 35 . 78 2278 73.4 16 
4 . 81 81.9 120 . 2 . 827 . 0521 ----- 3.80 .841 3152 34 . 28 2228 18 . 3 11 
4 . 92 81.2 119 . 6 . 836 . 0502 ----- 3.55 . 838 3065 32.51 2151 84.5 18 
4 . 89 81.6 118.8 . 819 . 0491 ----- 3 . 54 . 840 3061 32 . 14 2161 85.2 19 
5 . 03 80.9 118 . 3 . 831 . 0468 ----- 3 . 21 .842 2949 30.74 2093 93.1 20 
8 . 62 56 . 6 169 . 0 .128 . 0501 0.980 4 . 44 .816 3428 36 . 99 2415 12.3 21 
8 . 12 56 . 1 168 . 9 .121 . 0493 .991 4.11 . 830 3353 36 . 00 2393 16.2 22 
9 . 04 56 . 9 168 . 5 . 125 . 0466 1.003 4.01 . 190 3232 34 . 00 2301 84 . 6 23 
9 . 21 51 . 1 169 . 0 .125 . 0445 1.008 3 . 19 . 191 3160 32 . 11 2251 91.2 24 
9.41 56 . 5 169 . 0 . 121 . 0426 1.014 3.66 . 193 3126 32.30 2215 93 . 1 25 
8 . 24 60.4 161.2 . 749 .0494- . 983 4 . 44 . 823 3420 37 . 15 2413 71.5 26 
8 . 53 60.4 161.8 .757 .0482 . 986 3 . 96 .831 3309 35 . 33 2343 84.2 21 
8 . 15 60 . 5 168 . 2 . 156 . 0472 . 990 3.84 .821 3256 34 . 50 2291 88 . 2 28 
8 . 19 60 . 2 168 . 1 .160 . 0461 . 991 3 . 76 . 821 3235 34 . 06 2280 89 . 4 29 
8.95 60 . 9 168 . 1 .754 . 0414 1.008 3.55 . 834 3165 33 . 14 2260 96 . 6 30 
9 .10 61.1 168 . 6 . 156 . 0451 1.025 3 . 38 . 829 3113 32 . 00 2220 100 . 8 31 
8 . 08 56 . 5 166.6 . 112 .0494 . 982 4 . 44 . 818 3416 36 . 10 2402 65 . 1 32 
8 . 23 56.6 161 . 1 . 119 .0492 . 990 4 . 15 . 826 3358 35.15 2310 68 . 6 33 
8.42 56 . 4 166 . 1 .767 . 0489 .995 3.86 . 836 3210 34 . 85 2311 12.8 34 
8 . 81 56 . 1 166 . 9 .712 . 0463 1.012 3.41 . 826 3125 32 . 44 2225 74.4 35 
9 . 06 56 . 5 161.3 . 116 . 0450 1.001 3 . 52 .189 3050 31.33 2168 88.1 36 
7 . 37 58 . 4 161.0 . 810 .0413 .914 4 . 45 . 802 3292 35 . 96 2342 64.1 31 
1 . 38 58.4 161.6 . 810 . 0485 . 918 4.31 . 821 3330 36 . 15 2355 64.1 38 
7.47 58 . 2 161.5 .813 .0416 . 991 4 . 16 . 835 3219 36 . 02 2315 61.0 39 
'/ . 60 51 . 1 160 . 4 .813 . 0474 .. 983 3.81 . 843 3210 34.88 2210 10 . 6 40 
1.93 58.0 161.0 . 814 . 0460 1.009 3.56 .832 3091 33 . 03 2195 19.1 41 
8 . 24 51.8 160.5 . 822 . 0443 1.003 3.25 . 835 2969 30 . 95 2103 87 . 1 42 
6 . 36 53 . 2 147 . 3 .821 . 0494 . 961 4.43 .823 3282 36.41 2291 52.5 43 
6 . 45 53 . 2 148 . 6 . 833 . 0485 ... .966 4.39 . 847 3310 31 . 39 2281 52 . 9 
.. 
6 .46 53 . 5 147 . 4 .828 . 0486 .974 4 . 10 . 832 3231 35 . 66 2210 55 . 3 45 
6.69 53 . 8 148 . 9 . 836 . 0469 .986 3 . 84 .833 3144 34.12 2223 59 . 6 46 
6 . 68 52 . 8 147.0 . 843 .0460 . 983 3 . 69 .826 3102 33 . 25 2180 60 . 9 41 
6 . 89 53 . 3 148 . 1 . 833 .0446 . 995 3.59 . 836 3055 32 . 85 2145 64 . 0 
48 
1 . 19 53 . 1 147.6 .845 . 0439 . 993 3.25 . 825 2914 30.52 2055 72.6 49 
5 . 30 41 . 6 130 . 2 . 824 . 0544 .969 4.39 . 821 3251 36.23 2218 40 . 8 
50 
5 . 33 41 . 3 130 . 6 .835 . 0539 .959 4 . 31 .825 3250 35 . 61 2265 41.0 51 
5 . 31 41.0 129 . 9 . 834 . 0524 . 913 4 . 09 . 835 3201 35 . 08 2230 42.5 52 
5.42 46 . 4 128 . 8 . 839 . 0516 .981 3 . 84 . 820 3113 33 . 46 2181 45 . 2 53 
5 . 38 46 . 5 128 . 2 . 830 .0510 . 918 3.81 . 828 3115 33.55 2193 45 . 0 54 
5.43 45 . 5 121 . 2 . 839 . 0491 . 971 3 . 66 . 820 3061 32.54 2138 46.0 
55 
5 . 66 46 . 1 129 . 6 .842 .0415 . 919 3 . 55 . 822 3022 31.23 2142 49.1 56 
5 . 64 47.0 121.8 .841 . 0465 . 993 3.31 .833 2956 31.94 2088 51.6 51 
4 . 01 38 . 9 101 . 8 .195 .0624 .900 4.11 . 831 3216 35.29 2253 29.2 
58 
4 . 13 38 . 9 101 . 8 .805 .0601 .904 3 . 95 ----- 3159 34.14 2211 30 . 6 59 
4 . 24 39 . 0 108 . 5 .822 . 0572 . 913 3 . 13 . 821 3088 32 . 49 2171 32.7 60 
4 . 28 38 . 9 108 . 0 . 815 . 0542 .935 3 . 56 .824 3019 31.59 2133 34 . 5 61 
4 . 40 38 . 6 106 . 9 .822 .0511 . 931 3 . 32 . 198 2928 30 . 02 2058 31.5 62 
8 . 61 27.7 161 . 0 .111 . 0522 . 915 4 . 36 . 804 3348 36.16 2383 31 . 1 63 
8 . 90 21 . 5 168.5 .714 . 0480 . 918 3.84 . 838 3218 34 . 96 2340 38 . 9 64 
9 . 02 27 .6 166 . 9 . 711 . 0489 . 910 3 . 80 . 818 3202 33 . 88 2291 41.5 65 
9 . 19 21 . 5 161 . 3 .109 . 0474 . 971 3.66 . 814 3151 33 . 06 2262 43 . 1 66 







68 0 . 203 
69 . 202 
70 .194 
71 . 195 
72 . 194-
73 .194 
14 . 198 
75 . 198 
76 . 199 
7? . 199 
78 . 198 
79 . 199 
80 . 192 
81 .194 
82 . 194 
83 . 196 
84 . 198 
85 .197 
86 . 199 
87 . 199 
88 . 199 
89 . 198 
90 .199 
91 .198 
92 . 200 





1 0 . 702 
2 . 697 
~ . 694 
4 . 693 
5 .697 
6 . 402 
7 . ~92 
8 . 400 
9 .399 
10 . 388 
11 . 400 
12 . 404-
13 . 294 
14 . 297 
15 . 299 
16 . 297 
1 7 . 300 
18 . 298 
19 . 299 
20 .194 
21 . 199 
22 . 191 
23 . 200 
24 .197 
25 . 196 
26 .197 
27 . 150 
28 . 151 
29 . 151 
30 .149 
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4 . 42 
3 . 54 
4.42 
3 . 63 
3 . 36 
3 . 16 
4- . 42 
3 . 70 
3 . 48 
3 . 13 
2 . 99 
2 . 85 
4- . 42 
3 . 30 
3 . 01 
2.79 
4 . 4-2 
3 . 70 
3 . 33 
3 . 10 
2 . 85 
4 . 42 
3 . 95 
3 . 45 
3 . 13 
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P4,' PS' 
Ib Ib 





















































































Compressor 'l\lrblne Exhaust -
outlet inlet nozzle 
total total inlet 
tempers- temper- total 
ture, ature I temper-
Ty T4 , ature, 
















































































(b ) Fixed exhaust - nozz l e 
Compressor Compressor Turbine Turbine Engine Compressor Turbine Exhaust-
inlet total outlet total inlet outlet inlet outlet inlet nozzle 
pressure, pressure, pressure , total total total total total inlet 
PO ' P2' P3 , pressure , pressure, tempera- tempera- temper- total 
Ib 1b 1b P4 , P5 , ture, ture, ature, temper -
sq rt abs aQ ft abe aq rt aba 1b 1b ~' T3 , T4 , ature. sq ft aba aq ft aba "R OR T9 , 
OR 
812 1378 11,783 11,224 3306 490 1009 2068 1646 
814 1365 11 , 277 10,742 3099 489 983 1950 1542 
807 1367 10 , 622 10,133 2915 491 959 1839 1457 
817 1372 8 , 038 7,661 2167 493 879 1512 1176 
821 1379 6 , 584 6 , 242 1781 493 830 1321 1022 
397 657 6 , 070 5,801 1700 426 934 2068 1630 
385 648 5 ,678 5 ,417 1573 430 891 1657 1461 
395 660 5,400 5 ,147 1466 430 867 1757 1378 
397 658 5 , 188 4 , 948 1409 429 847 1664 1302 
391 659 4 , 298 4,101 1157 439 810 1471 1140 
395 657 3 , 644- 3 , 465 975 428 748 1269 974 
394 660 2 , 969 2 , 805 797 426 699 1100 849 
295 49. 4 , 523 4,311 1267 436 941 2077 1645 
296 494 4 , 448 4 , 242 1235 432 925 2010 1587 
297 496 4,297 4,100 1184- 431 899 1904 149B 
294 493 4,103 3,915 1127 431 875 1789 1411 
297 495 3 . 770 3,605 1024- 430 840 1671 1310 
294 496 3,401 3 , 250 937 432 813 1562 1215 
300 498 2 , 663 2 , 533 722 432 751 1307 1003 
195 326 2 , 955 2,821 829 436 941 2097 1654 
187 327 2 , 866 2,736 798 428 904 1968 1543 
191 326 2 , 716 2,589 755 4~0 883 1850 1447 
193 328 2,612 2,487 724 428 864 1775 1386 
194 331 2 , 210 2 ,104 603 436 817 1558 1208 
208 3~1 1 , 964 1,871 528 437 785 14~6 1111 
180 327 1,795 1, 710 494 432 757 1373 1062 
169 252 2 , 243 2 .144- 637 435 931 2118 1660 
173 254 2 ,116 2 , 020 593 436 898 1964 1540 
173 255 2 . 004 1,912 560 437 877 1846 1452 
173 252 1 , 693 1 , 613 468 438 829 1646 1282 
167 256 1,361 1,291 385 443 783 1450 1119 
J 
-) 
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GUIDE VANES OPEN, COMPRESSOR ACCELERATION BLEEDS CLOSED ) 
exhaust - nozzl e area . 
Compressor Air flOW, Corrected Compressor Combustor Combustion Turbine Turbine Corrected Turbine Turbine Combustion Run 
pressure Wa,l' air flow, efficiency. total- effie lency I pressure erflclency I turbine enthalpy weight flow parameter , 
ratto, Ib/see Wa.l~, ne presBure- nb ratiO, nt :/~. drop, parameter I wa.ITg • P:/P2 62 1088 ratio, p,/P5 lilit/84 • Wg •• N ~', ~






8 . ol4- 30 . 2 167.8 0 . 735 0 . 0502 0 . 977 4 . 36 0 . 812 3337 36 . 53 2376 40.81(103 68 
8 .67 30 . 0 166 . 5 . 739 . 0494 .979 3 . 95 . 819 3232 34 . 82 2297 44.0 69 
8 .36 27 . :5 166 . 6 . 746 .0510 .971 4- . 34- .816 3334- 36 . 30 2363 33.9 70 
8.61 27 . 3 166 . 7 . 746 . 0503 . 975 4 . 02 .818 3243 35 . 00 2302 36 . 4 71 
8.71 27 . 1 165.8 . 749 . 0489 . 951 3 . 84 . 814 3180 33 . 90 2260 37.6 72 
8.82 27 . 1 166 . 0 . 749 . 0479 . 970 4 . 03 .766 3135 32 . 96 2230 39.6 73 
7.70 28 . 9 162 . 2 . 782 . 0489 . 918 4- .31 . 813 3277 36.21 2323 35 . 6 74 
7 . 91 28.9 162 . 4 . 779 . 0478 . 925 3 . 97 . 821 3187 34 . 85 2278 38.2 75 
8 . 03 29 . 0 162.4 .779 . 0475 . 937 3.71 . 823 3116 33.64 2243 40.9 76 
8 . 21 29 . 0 162 . 0 .780 . 0458 . 935 3.60 . 824 3070 32 . 86 2193 42 . 5 77 
8 . 40 28 . 8 161.8 .791 . 0447 . 945 3 . 44 . 814 3004 31. 73 2137 45.2 78 
8 . 56 28 .9 162 . 1 . 783 .0444- .952 3 . 29 . 823 2938 31.15 2113 47.7 79 
7 . 40 25 . 7 158 . 0 .804 . 0548 . 970 4 . 31 . 810 3247 35 . 53 2288 27 . 7 80 
7 . 71 25 . 8 158 . 1 .804 . 0499 . 974: 3 . 80 . 823 3106 33 . 75 2203 31.2 81 
8 . 00 25 . 9 159 . 0 .811 .0476 . 976 3 . 54 . 818 3013 32 . 12 2135 34.0 82 
8 . 25 26 . 1 158 . 9 . 803 .0462 . 978 3.31 . 814 2928 30 . 80 2080 37.1 83 
6 . 35 25 . 8 144 . 7 .813 . 0507 .918 4 . 37 .807 3204 35.75 2265 27 . 2 84 
6.41 25 . 5 143 . 2 . 817 .0493 . 904 3 . 98 .814 3129 34 . 12 2213 28 . 6 85 
6 . 56 25 . 5 142 . 3 . 809 . 04-76 . 910 3.74- .810 3052 33 . 04 2162 30 . 5 86 
6 . 65 25.4 142 . 0 . 810 .0483 . 924 3 . 50 .818 2985 32 . 02 2133 32.3 87 
6.87 25.4 141.4 . 812 . 0446 . 945 3.33 .808 2893 30 . 70 2053 35 . 3 88 
5 . 24 22.5 125 . 8 . 819 . 0559 .903 4 . 36 . 79B 3172 34 . 99 2215 20 .8 89 
5.25 22.3 124 . 2 .817 .0545 .890 4 . 13 . 806 3127 34 . 18 2167 21.1 90 
5 . 33 22 . 1 123.6 . 810 .0523 . 894 3 . 83 . 810 304-6 33.13 2137 22.6 91 
5 . 38 22 . 2 122 . 6 , 80S . 0507 . 910 3 . 60 .811 2979 31.95 2105 24.1 92 
5 . 53 21.4 119 . 3 . 813 .0467 .898 3 . 28 . 806 2860 29 . 90 1990 25 . 9 93 
area of 3 .0 1 square feet. 
Compressor Air flow, Corrected Compressor Combustor Combust1on Turbine Turbine Corrected Turbine Turb1ne Combustion Run 
pressure wa,l' a1r flow , effic1ency, total efficiency, pressure ei'ficiency, turb1ne enthalpy r-e1ght flow parameter, 
rat10, Ib/sec ~, ne pressure ~ ratio, nt :/~, dr,ie' parameter, wa ,lT9' P:/P2 62 ' 108s ratiO, pJP5 .6.Ht 94 , wg ,4N ~4 ~
1b/sec P3 - P4 rpm Btu/lb 60 54 ' sec 
P3 
.i!Eill.ill Bee 
8 . 55 112 . 3 167 . 5 0 . 788 0.0474 ----- 3 . 40 0 . 853 3136 33.01 2262 184.8.103 1 
8 . 26 109 . 8 165.2 . 810 . 0474 ----- 3.47 . 847 3117 33.28 2223 169.3 2 
7 . 77 106.4 160 . 2 .847 . 0470 ----- 3.48 . 831 3118 32.64 2213 155 . 0 3 
5 . 86 89 .8 135 . 0 .833 . 0469 ----- 3 . 54 . 839 3073 32.82 2193 105.7 4 
4 . 78 78 .1 116 . 8 . 821 . 0519 ----- 3.51 .845 3063 32.67 2167 79.8 5 
9 . 24 58 .3 168.2 .738 . 0443 ----- 3 . 41 .833 3105 32.21 2237 94.9 6 
8 . 76 56 . 8 166.9 . 796 .0460 ----- 3 . 44 .831 3122 32 . 33 2213 82.9 7 
8 . 18 56 .4 162.9 . 804 .0469 ----- 3.51 .831 3086 32 . 63 2220 77 . 8 8 
7.89 55.6 160 . 7 . 820 .0463 - ---- 3 . 51 .837 3083 32 . 82 2212 72.4 9 
6 . 52 49.0 1<3.0 . 835 . 0458 ----- 3.55 . 826 3039 32.28 2172 55 . 9 10 
5 . 55 44 . 6 128 . 8 . 844 . 0491 ---- - 3 . 55 . 830 3037 32.31 2162 43.4- 11 
4.50 39 . 0 111.9 . 859 . 0552 ----- 3 . 52 . 803 3027 30 . 94- 2155 33 . 1 12 
9 . 16 42.8 167 . 9 . 755 . 0469 ----- 3.40 . 821 3090 31.87 2210 70.4 13 
9 . 00 42.8 167.1 . 759 . 0463 ----- 3.44 . 823 3087 32 .10 2200 67 . 9 14 
8 . 66 42 . 7 165 . 9 . 780 . 0458 ----- 3.46 . 827 3076 32 . 12 2197 63 . 9 15 
8 . 32 41.7 163 . 0 . 802 . 0458 ----- 3 . 47 . 832 3064 32.35 2167 58 . 8 16 
7.62 40.1 155 . 9 . 820 .0438 ----- 3.52 . 821 3018 32.05 2137 52 . 5 17 
6 . 86 37.6 146 . 2 .827 .0444 ----- 3 . 47 . 825 2989 31.83 2125 45.6 18 
5 . 35 31. 9 123.7 .831 .0488 ----- 3 . 51 .832 2980 31.80 21<8 32 . 0 19 
9 . 06 27.9 165.8 .750 .0453 ----- 3 .40 . 811 3024 31.54 2165 0\6.1 20 
8 . 77 28 .1 165.3 .767 . 00\54- ----- 3 . 43 . 813 3024 31.63 2175 43.4 21 
8.33 27 .3 161.2 .785 . 0468 - ---- 3 .43 .822 3014 31.89 2150 39.5 22 
7 . 96 27 .1 158.7 . 788 . 0479 --- - - 3 . 44- . 823 2998 32 . 01 2158 37 . 5 23 
6 . 68 24 . 2 141 . 5 . 820 . 0480 ----- 3 . 49 . 816 2970 31.57 2107 29 . 2 24 
5 . 93 21.9 128.3 .831 .0474- ----- 3 .54 .794 2950 31.19 2038 24 . 3 25 
5 .49 20 . 8 122.8 .832 . 0473 ----- 3 .4 6 .800 2930 31.00 2035 22 . 1 26 
8 . 90 21.3 163 . 7 .752 . 0441 ---".- 3 .37 .804 2962 31.01 2135 35.4 27 
8.33 20 .9 159 . 7 .779 .0454 ----- 3 .41 .803 2937 30 . 90 2118 32.2 28 
7.86 20 . 2 153.4 . 790 . 0459 ----- 3 .U . 806 2943 31.08 2092 29.3 29 
6 . 72 18 . 2 140.2 . 805 . 0472 ----- 3 .45 . 800 2909 31.00 2080 23 . 3 30 
5 . 32 15.5 118 . 0 .797 .051' ----- 3 .35 . 806 2881 30 . 20 2042 17.3 31 
20 
Run Reynolds Engine Corrected 
number speed, engine 
index, N, speed , 
Rei rpm N!-,!U1, 
rpm 
1 0 . 404 6169 6817 
2 . 402 5622 6205 
3 . 404 5433 5997 
4 . 403 5090 5625 
5 . 406 4727 5224 
6 . 4-01 4-723 5201 
7 . 392 4548 4962 
8 . 401 4284 4718 
9 . 403 3907 4302 
10 . 398 3506 3843 
Run Reynolds Engine Corrected 
number speed, eng1ne 
index, N, speed, 
Rei rpm N!-,!U1, 
1 0 . 395 
2 . 399 
3 . 399 
4 . 397 
5 . 404 
6 .402 
7 . 399 
8 . 398 
9 . 397 






















































NACA RM E56B14 
TABLE II . - LOW - SPEED CONFIGURATION ( INLET GUIDE 































































































Turbine Engine Compressor Turbine Exhaust-
outlet inlet outlet inlet nozzle 
total total total total inlet 
pressure, tempera- tempera- temper- total 
P5 , ture, ture, ature. temper-
1b Tl ' Ty T4 , ature. 
sQ ft aba oR oR oR T9 , 
oR 
897 425 862 1586 1183 
804 426 788 1311 977 
774 426 770 1246 925 
712 425 135 1127 830 
649 425 700 1015 747 
639 428 701 1024. 757 
599 436 692 977 721 
553 428 655 900 666 
489 428 618 800 606 
455 432 580 713 564 


















































































TABLE III . - INLET GUIDE VANES CLOSED, COMPRESSOR ACCELERATION 
Run Reynolds Engine Corrected Tank Compressor Compressor Turbine Turbine Engine Compressor Turbine Exhaust -
number speed, engIne static inlet total ou tl et total inlet outlet inlet outlet 1nlet nozzle 
index , N, ~/~, pressure, pressure. pressure , total total total total total inlet Rei rpm PO' P2 , P3 , pressure, pressure I tempera - tempera- temper- total 
rpm Ib __ "_b __ Ib P4 ' P5 , ture, ture, ature, temper-
sq ft abs sq tt aba sq ft abs Ib 1b Tl ' T3' T4 , ature, 8Qft"ib8 8Qft"ib8 OR OR OR T9 , OR 
1 0 . 404 6174 6823 388 657 4464 4240 945 425 872 1582 ll7l 
2 . 402 5617 6185 391 660 4010 3810 842 428 804 1315 969 
3 . 402 5458 6010 394 660 3875 3677 817 428 783 1250 924 
4 . 395 5097 5586 394 657 3525 3337 749 432 755 1146 841 
5 . 399 4717 5188 392 658 3074 2897 667 429 716 1019 745 
6 . 396 4722 5175 392 659 3019 2849 656 432 717 1029 758 
7 . 398 4544 4986 391 660 2760 2590 615 431 696 962 711 
8 . 399 4277 4699 393 659 2374 2219 557 430 666 893 658 
9 . 396 3874 4246 392 659 1833 1706 481 432 624 797 601 
10 . 397 3522 3860 393 660 1484 1380 456 432 591 729 573 
11 . 404 2581 2843 391 663 845 789 417 4?8 503 630 556 
TABLE IV . - INLET GUIDE VANES OPEN , COMPRESSOR ACCELERATION 
Run Reynolds Engine Corrected Tank Compressor Compressor Turbine Turbine Engine Compressor 'I\1rbine Exhaust-
number speed, eng1ne static inlet total out.let total inlet outlet inlet outlet inlet nozzle 
index , N, speed. pressure, pressure. pressure, total total total total total inlet 
Rei rpm N/-,!U1, PO' P2 ' P3 , pressure, pressure. tempera- tempera- temper- total 
rpm 1b 1b Ib P 4' P5 , ture. ture, ature, temper-
sq ft abs sq tt abs sq ft abe 1b 1b Tl' 
T3 , T4 , ature, 
sq ft abs sq ft aba OR OR OR T9 , OR 
1 0.401 6175 6792 400 660 5383 5117 1143 429 910 1743 1183 
2 . 402 5618 6179 403 663 4794 4566 1016 429 833 1468 977 
3 . 401 5462 6007 393 661 4608 4388 990 429 818 1400 925 
4 . 396 5100 5603 389 65. 4028 3832 86. 430 776 1258 830 
5 .404 4720 5216 397 657 339. 3216 732 425 725 1112 747 
6 . 399 4705 5175 393 657 3317 3145 717 429 725 1115 823 
7 . 399 4542 4996 388 657 3007 2838 658 429 702 1037 772 
8 . 398 4290 4697 391 663 2537 2380 587 433 678 953 706 
9 . 401 3917 4308 396 661 1964 1835 502 429 631 838 635 
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VANES CLOSED, COMPRESSOR ACCELERATION BLEEDS OPEN) 
area of 4 . 42 square feet . 
Compressor Air flow I Corr ected Compressor Combustor Combustion Turbine Turbine Corrected Tur bine Turbine Combustion Run 
pressure wa,l' air flOW, efficiency I total- efficiency J pressure effie lency I turbine enthalpy weight flow parameter I 
rat10, Ib/sec wa,l~ nc pressure- n" rat10 , n t ~/~, drop, parameter , we IT~ Py'P2 --6-2-' 105B ratio . P4/P5 Alitl94 ' wg ,4N 134- l!ilLl 
Ib/sec 






6.51 4B.0 137 . 9 0 . 676 0 . 0497 1 . 003 4.54- 0.802 3564 36 . 38 2530 56.1 :00:103 1 
5 . 82 46 . 9 135 . 3 . 756 . 0506 . 971 4 . 51 . 802 3560 35 . 69 2497 45 . 8 2 
5 . 58 47 . 0 134 . 6 . 771 . 0500 . 981 4 . 52 . 802 3528 35.83 2491 43 . 4 3 
5 . 12 45 . 4- 130.7 . 802 . 0527 . 988 4.47 . 811 3472 35 . 81 2465 37.7 4 
4 . 49 43 . 1 123 . 1 . 810 . 0573 . 989 4 . 31 . 821 3391 35 . 53 2452 32 . 2 5 
4.41 41 . 5 121.1 . 810 . 0558 . 938 4 . 29 . 810 3383 34 . 89 2398 31.4 6 
4 . 03 36 . 7 113 . 8 . 812 . 0596 . 921 4 . 17 . BI0 3329 34 . 30 2350 27 .9 a7 
3.57 36 . 2 105 . 5 . 804 . 0612 . 906 4 . 00 .814 3215 33 . 31 2323 2' . 1 8 
2 . 90 31.1 90 . 4- .775 . 0653 . 814- 3 . 66 . 804 3158 31. 39 2227 18.9 9 
2 . 18 25 . 5 74 . 2 . 698 . 0685 ----- 2 . 96 . 808 2905 26 . 08 2150 14 . 4 10 
area of 3.01 square feet. 
Compressor All" flow , Corrected Compressor Combustor Combustion Turbine Turbine Corrected Turbine Turbine Combustion RUn 
pressur e wa ,l' air flow, efficiency, total- efficiency, pressure efficiency, turbine 
enthalpy weIght flow parameter, 
rat.lo , 1b/sec wa . l~' nc pres5ure- nb ratio, nt speed, drop , parameter, wa ,1T9' Py'P2 --6-- loss ratio, P';P5 N/~. Ali t /B4 • wg , 4N ~4 . ~ 
1b,7sec 
P3 - P4 rpm Btu/lb 60 54 sec 
P3 ( rps )(lb) 
sec 
7 . 08 47 . 4 138 . 0 0 . 690 0 . 0455 0 . 999 3.48 0 . 814 3255 31. 67 2318 71 . 5 )(10
3 1 
6 . 22 46 . 8 135 . 6 . 763 . 0473 1.003 3 . 57 . 810 3281 32 . 08 2343 55 . 9 2 
5 . 97 46.7 134 . 7 . 782 . 0473 . 998 3 . 57 . 818 3265 32 . 25 2337 53 . 5 3 
5 .40 44.9 130 . 0 . 812 . 0468 .999 3 . 60 . 816 3219 31.91 2307 45.9 • 
4 . 71 42.5 122 . 1 .819 . 0495 1.002 3 . 56 . 826 3152 31.65 2278 38.6 5 
4.13 38 . 3 111.4 . 810 . 0517 .982 3 . 47 . 800 3090 30 . 56 2207 32.5 6 
3 . 68 35 . 6 103 . 8 . 809 . 0564 . 945 3 . 37 . 808 3053 30.18 2200 28 .1 7 
3 . 02 30 . 7 89 . 6 . 790 .0595 . 879 3 . 15 . 807 2956 28 .41 2107 22 .1 8 
2 . 32 25 . 0 73 . 0 . 735 . 0608 . 779 2 . 77 . 780 2788 2' . 75 1978 16.6 9 
2 . 29 25 . 0 73 . 0 . 124 . 0620 . 799 2 . 75 . 780 2772 24 . 75 1988 14.2 10 
BLEEDS CLOSED, AND EXHAUST - NOZZLE AREA OF 4 . 42 SQUARE FEET 
Compressor IA1r flow . Corrected Compr essor Combustor Combustion Turbine Turbine Corrected Turbine 
Turbine Combustion RUn 
pressure wa I ' air flow, efficiency, total- efficiency, pressure effiei eney , turbine e nthalpy weight flow parameter, 
ratiO , Ibl' Wa , l-v'lfl, l1c pressure- l1b ratiO, nt speed, drop, 
parameter, wa,l T9 , 
Py'P2 sec loss ratiO , P';P5 
N/.,!94, Alit/94 • ws ,4N 134 , 





6.AO 48 . 0 138 . 1 0 . 688 0 . 0502 0 . 982 4.49 0 . 815 3567 36.72 2503 56 . 2 ' 103 1 
6 . 08 47 . 3 135 . 8 . 764 . 0499 . 98' 4 . 53 . 821 3553 36.80 2482 45 . 8 2 
5 . 87 47 . 1 135 . 2 . 791 . 0511 . 982 4 . 50 .8ll 35'0 36.16 2482 43.5 3 
5 . 37 44.7 129 . 6 . 823 . 0533 . 988 4 .46 . 814 3446 36 . 12 2420 37.6 
4 
4.67 41.4- ll9 . 5 . 828 . 0576 . 942 4 . 34 . 824 3379 35.92 2378 30.9 5 
' . 58 40 . 1 ll1 . 6 . 826 . 0563 . 930 4.34 . 814 3363 35.50 2338 
30.4 6 
4 . 18 37 . 8 1l0.4 . 820 .0616 . 894 4 . 21 . 823 3341 35.14 2322 26 . 9 1 
3 . 60 34 . 0 99 . 3 . 804- . 0653 . 853 3 . 98 . 829 3280 34.10 2288 22 .4 B 
2 . 78 27 . 6 81. 0 . 768 . 0693 .111 3.55 . 824 3139 30.86 2183 16.6 9 
2 . 25 22 . 7 66 . 5 . 706 . 0101 . 588 3 . 03 . 812 2908 26 . 58 2020 13 . 0 10 
1.28 13 . 7 39 . 6 .402 . 0663 . 386 1.89 . 756 2266 13.88 1565 7 . 6 II 
BLEEDS OPEN, AND EXHAUST- NOZZLE AREA OF 4 . 42 SQUARE FEET 
Compressor Air flow, Corrected Compressor Combustor Combustion Turbine Turbine Corrected Turbine Turbine Combustion Run 
pressure wa,l' air flow , efficiency , total- efficiency , pressure efficiency, 
turbine enthalpy weight flow parameter, 








8 . 16 58 . ' 168 . 4 0 . 718 0 . 0494 0 . 846 4.48 0 . 805 3406 36.52 2460 
69 . 1)( 103 1 
7 . 23 57 . 0 163 . 7 . 790 . 0476 . 998 4 . 49 . 808 3366 36 . 28 2411 55 . 7 
2 
6 . 97 56 . 0 161.3 . 800 . 0477 .993 4 .43 . 814 3349 36 . 10 2407 51.8 
3 
6 .1 6 51.6 150 . 3 . 826 .0487 1.000 4 .44 .8ll 3295 35 . 91 2338 42.9 
4 
5 . 17 47.1 135 . 6 .828 .0524 . 991 4 . 39 . 817 3242 35.83 2337 35 . 2 
5 
5 . 05 45 . 5 133 . 3 . 829 .0518 . 999 • . 39 . 804 3236 35 . 00 2287 
37.5 6 
4 . 58 42 . 1 125.0 . 834 . 0562 . 942 4.31 . 800 3235 34 . 48 2215 33 . 0 
1 
3 . 83 38.1 ll1.2 . 800 .0619 . 934 4 . 06 . 816 3180 34.07 2280 26 . 9 8 
2 . 97 31.8 92 . 5 . 748 . 0657 . 865 3 . 66 . 816 3096 31.89 2227 20 . 2 9 
2 .31 25 . 6 74 . 5 . 685 . 0635 . 963 3.12 . 803 2891 28 . 00 2053 15 . 6 
10 
Figure 1 . - Installation of J71-A- 2(600-D1J turbojet engine in altitude test chamber . 
866£ 
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Figure 3. - Variation of Reynolds number index with altitude and flight Mach number . 
NACA standard atmospher e ; lOO -percent ram-pressure recovery assumed. 
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(a) High-speed configuration. Inlet guide vanes open; compressor accel erat ion 
bleeds closed. 
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Corrected air flow, wa 1~/52' lb/sec , 
130 140 
(b) Low-speed configuration. Guide vanes closed; compressor acceleration bleeds open. 
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Configuration Inlet - guide - Compressor -
vane position bleed position 
--- Higp - speed Open Closed 
---- Low- speed Closed Open 
J 
I ;,.-
/1/ 7~~-4-+-+~~4-+-+-~~~/ /~~+-~~-+-+~ 
Stall lines _ 17 [;p" Steady- state 
~+-+-4-~~~~~~~~/~f'~/~I;l,A~operating lines 
I / " 
-1 Steady- state / ~ 'f Range of inlet - guide -
.h~~~~+-vane switch- over 
operating line ;, " points (based on NACA 
3 rl / 1\ standard atmosphere 
i" ...v-- \ at Mach number, 0 .4) 
/,t....? \ I , , , '_ 
1\ .",~~p 0 .1\ _550 F 
~~ 76 F (Sea level) I I (Tropopause)-
1 
90 



























coo 3000 4000 5000 6000 7000 
Corrected engine speed, N/,(el, rpm 
Figure 5 . - Effect of interstage bleeds and inlet - guide -
vane position on steady-state air flow and compressor 
efficiency . Exhaust nozzle open; altitude, 35,000 
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Figure 6 . - Compressor performance map for hi gh -speed conf i guration ( inlet 
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Figure 6. - Concluded. Compressor-performance map for high-speed con-
figuration (inlet gui de vanes open; compressor a cceleration bleeds 
c l osed) . 
J 
» 





..-I U ..-I 

































hi- rtti-li-tt+ 4-- '"-~ ~ , f:t. 5200 H r ~ I. . , - 5400~ K~ Corrected engine . 5600~ ~ ~ , speed, N/~, rpm ~ ·-~I ~' , , 
rihl.~ ~ \j. 580~k ' "-!+l -,~'t: ~ r~ R 6000 , . r I ,:~ - 6400;" , , , , , , , 
,j -R+!: .f:H-t l~:t : ~- " It1£ ,t I ~ -r1,·t 6800i ,-:- TI I T~ rt+t I-l-i- ,"'11-;.:;:[ ',' .r: _ . 
_ .' .J. :.1' 
'-
1.f . .T; 
6800~rW.8 1~ q-* 1" i li{!: ~i' 'f -1 ' I 'I ' I ! " I ' i I I I I I 4 
~ --......~,.-l I <l> 
H 
-r1 
C\l ~ 1.0 









.2 .3 .4 .5 





Figure 7. - Effect of Reynolds number index on compressor efficiency and 
corrected air flow . Inlet guide vanes open; compressor accelerat i on 
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Figure 8 . - Compressor performance map showing lines of constant corrected 
turbine - inlet temperature . Inlet guide vanes open ; compressor acceleration 
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Figure 9 . - Variat ion of combustion efficiency with combustion parameter. Fixed exhaust - nozzle area, 
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Figure 10. - Variation of combustor total-pressure-loss ratio 
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Figure 11 . - Variation of turbine performance parameters with exhaust - nozzle 
area and corrected turbine speed . 
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Figure 13. - Effect of turbine Reynolds number index on cor-
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Figure 14 . - Effect of altitude on corrected engine speed, corrected air flow) and compressor , combustion} 
and turbine efficiency . Mach number J 0 .9 . 
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Figure 15 . - Effect of altitude on corrected net thrust and corrected 
specific fuel consumption. Mach number, 0 . 9 . 
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